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Abstract

The recent trend towards miniaturization causes an increased demand for parts with very small
dimensions. Milli-structure components are classified as a component group whose size is between
macro- and micro-scale. The manufacturing process of these components of thin sheet metal forming
has a microscopic properties in addition to a typical phenomenon of bulk deformation because of the
forming size. Also, the material properties and the deformation behavior change with miniaturization,
which means that, a coarse grained materials show a higher resistance against deformation, when the
grain size is in the range of the sheet thickness. In this study, a new numerical approach is proposed
to simulate intergranular milli-structure in forming by the finite element method. The grain element and
grain boundary element are introduced to simulate the milli-structure in the bending. The grain element
is used to analyze the deformation of individual grain while the grain boundary element is for the
investigation on the movement of the grain boundary. Also, the result of the finite element analysis is

confirmed by a series of milli-sized forming experiments.
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Fig. 1 Schematic diagram of grain element and

grain boundary element
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Table 1 Mechanical properties of JIS-G-3141

Specifications JIS-G-3141
Yield strength 158 Mpa
Ultimate tensile strength 213 M
r-value 0.17
Stress-strain relation 0=531 "% W
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Fig. 2 Basic mesh structure using grain element
and grain boundary element
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Fig. 3 Initial FE model of bending process
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Fig. 4 Initial mesh system of bending process
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grain boundary element :
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Fig. 13 Microphotograph of grain distribution
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Fig. 14 Microphotograph of grain distribution
at the wall( X 400)
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